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In a previous paper (1) we discussed by way of introduction
both (a) experimental sensitization of the skin of animals to
plants or plant constituents, and (b) experimental sensitization of
the animal skin to simple chemicals and the production of ec-
zematous or eczematoid reactions.
Regarding (a) we pointed out that Bloch (2) was the first investigator to
succeed in producing eczema (epidermal sensitization) in the guinea pig. He
and his co-workers found that when a small area of the skin was abraded and
painted with primula extract, both local and general epidermal sensitivity ap-
peared later. Simons, Rackemann aiid Dienes (3) were the first investigators to
report success in the sensitization of guinea pigs to poison ivy, and their work was
confirmed and augmented by us (1).
In controlled experiments on medium sized guinea pigs, Brunsting and Bailey
(4) were able to produce skin sensitization to the dilute ether extract of short
ragweed pollen in three out of fourteen animals by topical application. The
sensitization appeared after an incubation period of ten to thirteen days and
was still present at the end of three months. The authors found the reaction
typically eczematous in gross and microscopic appearance. Passive transfer
by Prausnitz-Kustner technic was unsuccessful. This work we have repeated and
augmented as reported later in this paper.
The first investigators to report on experimental cutaneous sensitization of
guinea pigs to simple chemical compounds were Walthardt (5), Frei (6), Sulz-
berger (7), Jadassohn (8), Mayer and Sulzberger (9), and later Landsteiner and
Jacobs (10).
In 1926, Walthardt (5) claimed to have sensitized guinea pigs to nickel by
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daily painting with a one per cent nickel sulphate solution. The macroscopic
picture was that of an eczema, first acute (vesicles); later chronic (papules) with
crusts, desquamation and rhagades. Microscopically there was a "status spongi-
oides" of the epidermis and a lymphocytic infiltration in the corium. Flare-up
of the eczema sites was produced by subcutaneous injection of 0.1 per cent nickel
sulphate solution.
The flare-up of sensitization sites in guinea pigs was reported in 1928 by Frei
(6); and in 1929 by Sulzberger (7) who sensitized the animals by intradermal
injections of neoarsphenamine. Some of the animals developed dermatitis on
subsequent intracardial injection of the drug. Sulzberger showed that this
hypersensitiveness could be prevented by an introduction of the allergen into the
blood stream if done within 24 hours after the potentially sensitizing injection.
When this was done after hypersensitiveness had developed to a certain point
(after 14 days), no desensitization could be achieved. In addition to the above
the author mentioned and discussed the mechanism of the spontaneous flare-up
t the site of the original intradermal injection; as well as the flare-up of the
original site in sensitized animals which were reinjected six to fifteen days later
intradermally or intracardially. Intradermal injection in sensitized guinea pigs
also showed a strong inflammatory reaction of hypersensitivity in almost all the
animals. These observations confirmed and extended the reports of Frei. (Sub-
sequently in 1935, Dienes and Simon (11) reported that in guinea pigs injected
intracutaneously a single time with human serum or turtle egg, a flare-up of the
injection site can often be observed after an interval of a few days. As demon-
strated by Sulzberger this occurs at the time when skin hypersensitiveness begins
to develop, usually on the fourth to sixth day, as determined by skin tests at this
time. Both the flare-up at the original site and the skin test at this time are purely
of delayed type and anaphylactic shock cannot yet be produced. Histologically
the reacting flare about the original site showed infiltration with mononuclear
cells which is characteristic also of the delayed type of skin reaction.)
In 1930, Jadassohn (8) reported success in provoking both local and general
cutaneous sensitivity to phenyihydrazine in guinea pigs.
In 1931 in a further study with chemical compounds, the influence of season
and diet on experimental skin sensitization of guinea pigs was observed by Mayer
and Sulzberger (9) who sensitized animals to paraphenylediamine and to neo-
arephenamine. The authors showed that 75 per cent of the "winter animals"
were sensitized strongly and only 12 per cent of the "summer animals." The
sensitization was shown both by the increased reactions to reinjections and by
the flare-up of old injection spots after reinjections.
In our paper on the Sensitization of Guinea Pigs to Poison Ivy (1) we reviewed
the early work of Landsteiner and Jacobs on the sensitization of guinea pigs to
simple chemical compounds (10). In a continuation of these studies (12) they
showed a connection between sensitizing capacity and lability of certain chemical
substances, suggesting the formation of conjugated antigens in the animal.
Guinea pigs sensitized with p-chlorobenzoyl chloride showed the usual surface
lesion after application of the substance, and also showed typical anaphylactic
shock following intravenous injection of a combination of p-chlorobenzoyl chlo-
ride and guinea pig serum. From this it may be inferred that the two types of
allergic manifestation are closely related conditions.
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In a third set of studies the same authors (13) showed that guinea pigs which
were given two cutaneous injections of unneutralized arsphenamine, a month
apart, became so hypersensitive that a considerable percentage died in anaphy-
lactic shock on intravenous administration of the substance three weeks and
six weeks later.
In a more recent contribution Landsteiner and Chase (14) discussed the dif-
ferences between the cutaneous and anaphylactic types of hypersensitivity.
Animals sensitized to picryl chloride could be desensitized by repeated subcu-
taneous injections of picryl-guinea pig serum so far as intravenous anaphylactic
response was concerned, but the reactivity of the skin to superficial application
of picryl chloride was not concomitantly abolished, and indeed, even repeated
subcutaneous injections of picryl protein had no noticeable influence on the degree
of skin sensitiveness. In an experiment with a few animals sensitized to 2:4
dinitrochlorobenzene it was possible to desensitize the skin by long continued
daily application of an olive oil solution of the excitant.
EXPERIMENTAL
In the following set of experiments we have attempted in gen-
eral to repeat and elaborate on some of the work done by Brun-
sting and Bailey (4) and by Landsteiner and Jacobs (10, 12, 14).
The guinea pigs which we used were white or mostly white,
and when the studies began they were small to medium sized.
The short ragweed plant oil which we used was of the same batch
as that used by Brunsting and Bailey (courtesy of Abbot Labora-
tories) and consisted of a 5 per cent ether dilution of a concen-
trated fat-solvent fraction of short ragweed plant and pollen oil.
The 2:4 dinitrochlorobenzene was obtained from Eastman Kodak
Company (no. 101, catalog May 1936, List no. 27). All aqueous
and ether solutions were freshly prepared when used. All solu-
tions were painted on with camels hair brushes. Contact tests
were made by painting a line of the given dilution over the pre-
pared flank. The cutaneous surfaces were prepared by plucking
the given areas (about 3 x 6 cm.) and shaving the remaining fuzz
with a dry razor blade. The animals received a regular diet of
green and stock foods.
1. Cutaneous sensitization to ragweed and the effect of
continuous surface application
Fourteen guinea pigs were plucked and shaved on one flank, and twenty-four
hours later daily painting with a 5 per cent ether dilution of the ragweed extract
was begun over areas of 3 x 6 cm. On the thirteenth day two of the animals,
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A and B, showed moderate exudative dermatitis. The daily painting was dis-
continued in A, but B continued to receive daily painting with the twelve other
pigs. During the next five days the dermatitis completely involuted from the
two pigs, A and B, in spite of the fact that B continued to receive daily paintings.
This is comparable to the "hardening" of the skin in industry after repeated ex-
posure to a mild irritant. All of the animals except A continued to be painted
daily for twenty-eight days, and none of them developed any cutaneous changes.
Two months later all the pigs were again prepared, this time on the opposite
flank, and contact tests were made with graded ether dilutions of the 5 per cent
ragweed extract. As none of the pigs showed a definite reaction after twenty-
four hours at any of the sites painted, the whole flank was painted again daily
as had been the opposite flank of each guinea pig. A developed slight dermatitis
on the fifth day and exudative dermatitis on the sixth day, which did not subside
during five days of repeated painting. Painting was discontinued for five days
on A and the dermatitis completely involuted. Daily painting of A was then
resumed along with that of the rest of the pigs, and this time A developed derma-
titis again after forty-eight hours. Daily painting was discontinued on the
sixteenth day, none of the other pigs having shown any new changes.
Exclusive of our added observation that with continued paint-
ing some of the sensitized pigs become desensitized, our results
in this experiment differ grossly from those of Brunsting and
Bailey(4) only in the lesser degree of sensitization which we ob-
tained.
2. Effect of horse serum sensitization on subsequent
sensitization to raçjweed
Fourteen guinea pigs was each given 0.4 cc. of normal horse serum intracu-
taneously three times within ten days. The animals were then allowed to rest
for two weeks and at this time a control which had been treated as the above was
given 0.4 cc. of the horse serum intravenously. This pig responded with symp-
toms of sublethal anaphylaxis, so we assumed the other animals to be also hyper-
sensitive. The animals were then plucked and shaved on one flank, and daily
painting with the 5 per cent ragweed extract was begun as in experiment 1. One
of the animals died of intercurrent disease on the fourth day and another on
the tenth day without showing signs of dermatitis. Four of the remaining twelve
animals developed dermatitis with crusting on the thirteenth to fifteenth days,
and daily painting of them was discontinued. Painting of the others was con-
tinued up to twenty-six days, but no changes were noted. Three weeks later the
opposite flank of the pigs was prepared and daily painting with 5 per cent ragweed
extract was again begun. Three of the previous four hypersensitive pigs showed
mild dermatitis on the second day, and the fourth of the previously sensitive pigs
showed dermatitis by the fifth day. In two of the four pigs the dermatitis sub-
sided in spite of continued daily painting. Painting of the other two had to be
discontinued because of increase in severity of the dermatitis with continued
painting. Although daily painting was continued for nineteen days on the re-
maining pigs, none of them showed cutaneous changes.
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The results of this experiment are probably not altogether
conclusive, but as far as they go, they indicate no remarkable
change in cutaneous sensitization to ragweed subsequent to horse
serum sensitization.
3. Cutaneous sensitization to 2:4 dinitrochlorobenzene produced
by intracutaneous injection and its effect on subsequent
sensitization to ragweed
Each of seven guinea pigs were injected daily for ten days intracutaneously
with 0.1 cc. (1/400 mgm.) of 2:4 dinitrochlorobenzene (0.5 cc. of 0.3 per cent 2:4
dinitrochlorobenzene in absolute alcohol made up to 60 cc. in normal saline).
Three weeks later these seven animals and six unsensitized controls were plucked
and shaved on one flank. Each pig was contact tested with graded ether dilutions
of the substance (1 per cent, per cent, per cent, per cent respectively). The
sensitized animals showed moderate to severe exudative dermatitis at twenty-
four and forty-eight hours in the 1 per cent and per cent contact test sites.
Of the six control animals, only one or two showed doubtful reactions in the
1 per cent sites at twenty-four and forty-eight hours, the other sites being com-
pletely negative.
Four weeks later the contact tests were repeated on the sensitized pigs with
freshly prepared graded ether dilutions, and the animals were found to be even
more sensitive than before, many of the weaker dilution sites now showing posi-
tive reactions. Intracutaneous tests with 0.1 cc. of the solution as prepared for
sensitization could not be evaluated, although they were made several times.
At this time daily painting of the prepared flanks of the seven sensitized animals
was begun with the 5 per cent ragweed extract in ether. Although the paint-
ing was continued for thirty-one days, none of the animals developed ragweed
dermatitis.
4. Sensitization produced by surface application of 2:4
dinitrochlorobenzerte and subsequent sensitization to
ragweed
Eight guinea pigs were plucked and shaved on one flank and painted with
2 per cent 2:4 dinitrochlorobenzene in ether. All developed patchy dermatitis
within twenty-four hours due to the primary irritating effect of the substance in
this concentration. Five days later a 1 per cent ether solution was tried on the
healed areas, but this also was irritating. Five days later a 1 per cent solution
of the substance in olive oil was tried and this produced erythema appearing
in twenty-four hours and lasting one day. At this time the flanks were again
gently smeared with the 1 per cent oil solution, and this was repeated in two days.
During this same time the flanks of three other pigs were gently smeared with the
1 per cent oil solution once daily, but all developed mild dermatitis on the ninth
or tenth day, and the treatment was discontinued.
Three weeks later both of these groups of pigs, together with a set of four un-
treated controls, were prepared on the opposite flank and intracutaneously and
contact tested with 2:4 dinitrochlorobenzene according to the technique used in
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experiment 3. The intro-cutaneous tests were midly positive in all of the pre-
viously treated pigs except one, which was negative, and they were negative
in all the controls. The graded contact tests were strongly positive in the treated
pigs in the first two dilutions (1 per cent, per cent ether solution), and five of
the eleven showed positive reactions to the per cent and j per cent dilutions.
The control pigs showed no reaction by contact to any of the four dilutions either
at twenty-four or forty-eight hours. Two weeks later the sensitized animals
and a new set of controls were similarly tested, and similar results were obtained.
Daily painting of the sensitized animals was started at once, using the 5 per
cent ragweed in ether extract. On the twelfth to seventeenth days two of the
animals developed mild to moderate exudative dermatitis, but on continued daily
painting the dermatitis eventually disappeared. The daily painting of all the
pigs was continued for thirty days. No other changes occurred.
5. Microscopic studies of the sensitized skin of the above groups
of guinea pigs; and of poison ivy sensitive human beings
and guinea pigs
As was stated in a previous paper (1), we were not able to find
the same type of eczematoid dermatitis in animals made hyper-
sensitive to poison ivy extract as is found in lesions in human
beings. The difference in the reaction in human and animal
skins is well known, and the difficulty or impossibility of pro-
ducing vesicles and bullae in the skin of certain animals has been
repeatedly mentioned. The chief difference in the reaction of
sensitized animals to poison ivy was the minimal amount of inter-
cellular edema, with almost no spongiosis, and not even micro-
scopic, let alone macroscopic, vesicles. One section from a
crusted lesion showed vesico-pustules. This raised the question
as to whether the mechanism of reaction or of sensitization is
the same in animals and human beings. One must always be on
one's guard in applying findings in animals to that of human
beings and vice versa. Brunsting and Bailey(4) stated that they
had found the same eczematoid changes in guinea pig skins
sensitized to ragweed extract as is found in human beings, which
we confirmed in our present study.
In order to compare the cutaneous reaction in human beings
hypersensitive to poison ivy and in guinea pigs which were made
hypersensitive by repeated painting, with ragweed extract, sec-
tions were removed from two patients and from several guinea
pigs. Miescher has shown (15) that various forms of dermatitis
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in human skin due to different external irritants often present
the same microscopic picture, hence we chose the convenient ivy
dermatitis as an example of human reaction. Description of the
sections follows;
Patient 1. Twenty-four hours after application of poison ivy
extract.
The stratum corneum was loose and perhaps slightly thickened. The stratum
granulosum consisted of one layer of cells except in areas of acute inflammation
where it was lacking. The stratum mucosum showed normal areas alternating
Fro. 1. PATIENT II 48 HoURS AFTER APPLIcATION OF POISON Ivy EXTRACT
Low power. Hemalum erythrosine saffron stain
with areas showing mild edema and round cell infiltration. The edema was
largely intercellular. Many of the nuclei had become pyknotic. No microscopic
vesicles were evident. In the superficial dermis the blood vessels were sur-
rounded by a moderate infiltrate consisting chiefly of round cells.
Patient 2. Forty-eight hours after application of poison ivy
extract (fig. 1).
The stratum corneum was thickened but was separated in many places from
the rest of the epidermis. The stratum granulosum was inconspicuous and was
lacking in many regions. The stratum mucosum was involved in extreme edema
almost throughout its entirety, although there were some few areas with only
— C
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slight edema. In the more superficial portion of the stratum mucosum were
a number of quite large lakes of coagulated serum. In its milder form the edema,
always intercellular, resulted in extreme separation of the epidermal cells with
rupture of a few intercellular bridges. In areas with more extensive involve-
ment spongiosis was evident and small and large vesicles were seen. These were
in places intra-epidermal and in others occupied papillae. The superficial dermis
was quite edematous and was involved in diffuse round cell infiltration in addition
to severe perivascular infiltration, almost exclusively with round cells. 'the
endothelial cells of the smaller blood vessels were swollen.
Fsu. 2. GUINEA Pro SKIN FErns SEN5ITIZEn ANIMAL, 48 HOUE5 AFTER
PA5NTINO WITH RAuwEan EXTRACT
Low power, same magnification as fig. 1. Hemalum erythrosine saffron stain
Guinea pig .58. Ragweed dermatitis 48 hours after painting
sensitized animal, group 1 (fig. 2).
The stratum corneum was slightly thickened and contained a little serulu.
The stratum granulosum was considerably thickened, as was the stratum mu-
cosum. In the stratum mucosum was one area showing extensive intercellular
edema which could be interpreted as spongiosis. The dermis was edematous and
showed moderate infiltrate. The endothelial cells were swollen.
Guinea pig 73. Severe dermatitis 4 days after repeated paint-
ing of ragweed extract, group 2.
The stratum corneum was hyperkeratotic and showed slight parakeratosis.
The stratum granulosum was alternately thickened and thinned. The stratum
-.
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mucosum was somewhat thickened and showed light intercellular edema. The
dermis was edematous and was infiltrated with a few polymorphonuclear leuko-
cytes, round cells, and some larger cells. The endothelial cells were swollen.
The superficial vessels contained polymorphonuclear leukocytes.
Guinea pig 58. Ragweed dermatitis 5 days after painting
sensitized guinea pig, Group 1.
The stratum corneum was thickened and loose and very slightly parakeratotic.
The stratum granulosum was irregularly thickened in some places, consisting
of several layers of cells. The stratum mucosum was thickened and showed
slight intercellular edema. The dermis was markedly edematous and there
was slight round cell infiltration and the endothelial cells of the blood vessels
were uniformly swollen. In one area involved in considerable edema there was
a microscopic vesicle in the inner stratum mucosum.
Guinea pig 85 (a). Dermatitis 24 hours after painting dinitro-
chlorobenzene on an animal sensitized to the substance.
The stratum corneum was thickened and loose. The stratum mucosum was so
disrupted that no definite description could be made.
Guinea pig 85 (b). Dermatitis 48 hours after painting same
pig, group 3.
The stratum corneum was thickened and contained several crusts. The
stratum granulosum was thickened in places and absent in other places. The
stratum mucosum was involved in considerable edema, largely intercellular but
with no definite spongiosis. There was slight round cell infiltrate in the epi-
thelium. The dermis was quite edematous. There was diffuse round cell in-
filtrate.
Guinea pig 85. Crusted lesion 4 days following repeated
painting of dinitrochlorobenzene on guinea pig sensitized to the
substance.
The section was covered with admisture of scale and crust which had in places
replaced the entire epidermis. Where the epidermis could be seen there was
slight if any edema. The dermis was involved in diffuse and perivascular round
cell infiltrate.
Guinea pig 87. Dermatitis 46 to 72 hours after application of
ragweed extract on ragweed sensitive animal, previously sensi-
tized to dinitrochlorobenzene.
The stratum corneum was thin and somewhat parakeratotic. The stratum
granulosum was alternately thickened and thin. The stratum mucosum was
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thickened and showed slight intercellular edema. The dermis was involved in
edema and was infiltrated with rather large cells and a few polymorphonuclear
leukocytes.
DISCUSSION
It is evident that there is some similarity between the reactions
in human and guinea pig skin, namely intercellular edema, but
this is very slight in guinea pigs and intense in human beings.
The tendency toward vesicle formation is entirely lacking in the
guinea pig, (which may or may not be due to simple differences
in degree of reaction). In both instances, the epidermis is in-
filtrated with round cells. Dermal edema is found in both human
beings and animals, relatively more intense in the guinea pig
(as compared with epidermal edema), but it is diffuse rather
than localized as in human beings, where it leads to vesicle forma-
tion. Round cell infiltration is predominantly perivascular in
human skin but diffuse in guinea pig skin.
It can be stated that, while histologic study of lesions of human
and guinea pig hypersensitiveness to the same substance shows
some similarities, there are differences, by no means all of which
can be accounted for on the basis of difference in degree. The
changes are probably analogous, the differences being due to the
well known variations between human and animal skin. (The
more severe and less eczematoid reaction to poison ivy extract
previously found in guinea pigs (1) may have resulted from the
use of an extract which produced dermatitis in all animals, with
more intense reaction in those which had become sensitized.)
SUMMARY AND CONCLUSION
Some of the recent significant studies in cutaneous sensitiza-
tion of guinea pigs are reviewed.
A small percentage of guinea pigs which were painted with an
ether ragweed extract was cutaneously sensitized to the sub-
stance. Further about half of the ragweed sensitized pigs be-
came desensitized after continued daily painting with the antigen.
The analogy of this phenomenon to the "hardening" of the skin
of human beings in industry is pointed out.
Animals sensitized to horse serum showed no greater tendency
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to become subsequently sensitized to ragweed than did previously
unsensitized animals.
Guinea pigs were sensitized to 2:4 dinitrochlorobenzene both
by intracutaneous injection and surface application of the sub-
stance. The animals sensitized by the surface application of the
excitant attained the same degree of sensitization as those sensi-
tized by intracutaneous injection of the excitant. Contact tests
with graded dilutions of the antigen were much easier to interpret
than were the intracutaneous tests.
Animals sensitized to 2—4 dinitrochlorobenzene showed no
greater tendency to become subsequently sensitized to ragweed
than did previously unsensitized or horse-serum sensitized ani-
mals.
Histologic study of lesions of human and guinea pig hyper-
sensitiveness shows some similarities; however the differences
are striking. Some of these differences can probably be ac-
counted for on the basis of difference in degree of reaction; and
some are probably dependent upon the well known differences
between human and animal skin.
8 South Michigan Avenue.
950 E. 59th Street.
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